Aims: West syndrome (WS) is a classic form of early infantile epileptic encephalopathy (EIEE) characterized by tonic spasms with clustering, arrest of psychomotor development, and hypsarrhythmia on electroencephalography. Genetic defects play a critical role in the pathology of WS, and 54 EIEE genes have been identified till date.
| INTRODUC TI ON
Infantile spasms syndrome (ISs) is a classic form of early infantile epileptic encephalopathy (EIEE, OMIM 308350, http://www.omim. org/). ISs is an epileptic syndrome occurring in children aged <1 year (rarely >2 years), with clinical spasms usually occurring in clusters whose most characteristic electroencephalography (EEG) finding is hypsarrhythmia.
1 West syndrome (WS) refers to a subset of ISs and is characterized by a combination of clustered spasms, hypsarrhythmia on EEG, and delayed brain development or regression. 2, 3 In WS patients, 70%-90% have developmental delay or mental retardation, 70% have intractable epilepsy, and 45% present with an autism spectrum phenotype. 1, 3 Until now, 54 genes have been identified as causal genes of EIEE. Previous whole exome sequencing (WES) studies in patients with infantile spasms and Lennox-Gastaut syndrome revealed hundreds of genes associated with classical epileptic encephalopathies. 4, 5 In this study, WES was performed on a cohort of Chinese WS patients and their parents (trios) to identify novel de novo and inherited variants.
| SUBJEC TS AND ME THODS

| Subjects
This study was approved by an ethics committee at Xiangya
Hospital of Central South University. This study has been per- Peripheral blood samples were collected from patients and their parents via venipuncture. 
| Whole exome sequencing
DNA samples were collected using the SureSelect Human All Exon V5 Kit following the manufacturer's protocol (Agilent Technologies, Santa Clara, CA, USA) and sequenced on an Illumina
HiSeq X Ten (Illumina, San Diego, CA, USA) with 150-bp pairedend reads. 
| Data analysis
Sequence reads were aligned to the human genome reference (UCSC hg 19 version) with the Burrows-Wheeler aligner and recalibrated with the genome analysis toolkit (GATK) and Picard 1.14.
Reads around insertion/deletion sites were realigned with the GATK IndelRealigner. Single nucleotide variants and small insertions and deletions (InDels) were identified with the GATK Unified Genotyper in parallel with SAMtools and were annotated with ANNOVAR.
9-11
Candidate variants in known epileptic encephalopathy genes were first analyzed according to the American College of Medical Genetics and Genomics (ACMG) guidelines.
12
Fifty-six patients (38 males, 18 females) negative for pathogenic or likely pathogenic variants were referred to the next step (see Table S1 ). WES was performed for unaffected parents of these 56 patients as described above and combined with patient data (trios).
Only on the X chromosome with more than 1 incidence of hemizygosity in gnomAD were excluded. Sanger sequencing was used to confirm candidate variants in these families.
| Molecular diagnosis
Variants verified by Sanger sequencing were assessed with the HGMD pro database (http://www.hgmd.org). Candidate genes were searched in the OMIM database, and genes listed as causal genes for Mendelian diseases with genotypes fitting the recorded inheritance pattern were assessed for pathogenicity using the ACMG guidelines.
13,14 
| Bioinformatics
| NGS data statistics for 56 trios
We performed WES for 56 trios, average sequencing depth on target was 152.6 (116.8-219.6), and fraction of target covered with at least 20× was 98.4% (96.9%-99.3%) on average (see Table S1 ). at Xp11 was detected in a male patient WS40-P. Patients WS2-P and WS25-P shared the same nonframeshift deletion in CD99L2.
| Candidate variants
Patients WS15-P and WS51-P shared different missense variants
No genes presented conflicting inherence patterns. Among the 89 genes, 10 are located on Xp11, 10 on Xp22, and 6 on Xq13 (see Table S4 and Figure S1 ). Table S4 ). Three genes are involved in mouse models with seizures: Nos3 (MGI: 2150145), Ryr2
| Molecular diagnosis for OMIM genes
(MGI: 3802940), and Tecta (MGI: 5527094, 5527095, 5527096).
Taken together, 17 genes can be considered highlight candidate genes for WS (table 1) . Table S6 ). Titin encoded by TTN, the largest protein in the human body, forms powerful elastic filaments along the sarcomere of cardiomyocytes, and TTN is known to cause several Mendelian cardiomyopathy and myopathy diseases. 24 We compared our data and parallel data from another Chinese WES study (data not shown) and concluded that the TTN variants we observed were due to the size and mutation rates of the gene rather than a direct association with WS.
| D ISCUSS I ON
We detected nonsense variants in PARS2, ADGRG4, and GOLGA5
and frameshift deletions in GPT2, CAT, and MAP3K15, which all caused a PTC and likely induces nonsense-mediated decay (NMD);
however, because the entire ORF of PARS2 is located on exon 2, NMD would be triggered by an extended 3′-untranslated region rather than exon junction complex. 25 Splice junction variants detected in MYO1H and ME3 were located in the +1 position, which likely causes splicing errors. Splice junction variants in CAT (described before) and VWA3A are located in the +3 and +5 positions, respectively. CADD scores of these 2 splice variants are 14.89 and 13.49, respectively.
The VWA3A variant (inherited from the patient's father) is in trans with a novel missense variant (inherited from the patient's mother).
Based on these data, we consider these splice junction variants as candidates.
We identified a de novo variant in patient WS36-P converting the start codon to CTG in MRPL17. The Drosophila homologue of FMR1 encodes FMRP, which regulates many synaptic functions and autism-related genes. 16 These genes also have a strong relation to epilepsy. 27 Fifteen genes in our study were reported to be regulated by FMRP, including some calcium-signaling genes and mental retardation genes discussed above. We also focused on 2 other genes of interest: CYFIP1 and CYFIP2. CYFIP (cytoplasmic encodes the P/Q-type calcium channel alpha subunit (CaV2.1), and a nonsense mutation at CACNA1A p.R1820* results in Ca 2+ channel function impairment with a dominant negative effect. 48 The functional consequences of an E147K mutation in Xenopus oocytes showed that mutant CaV2.1α1 was functional but caused a decrease in current amplitude and prolongation of the slow inactivation process. 49 Dysfunction of CaV2.1 increases excitability of neurons, leading to epileptiform discharge. 49 Pharmacological evidence suggests that the antiepileptic effects of lamotrigine and levetiracetam are due to inhibition of N-or P/Q-type calcium channels. 50 Mutation of GRIN2D in the M3 transmembrane domain, which forms the ion channel pore, increases receptor responsiveness to glutamate and glycine agonists, decreases sensitivity to negative allosteric modulators, prolongs deactivation time, and increases channel-opening probability, all consistent with a gain-of-function effect in the NMDA receptor. 44 Transfection of the mutation into rat cortical neurons resulted in increased neuronal excitotoxicity that could be blocked by the NMDAR antagonist memantine. topiramate, and lamotrigine, suggesting that seizures in these 3 patients may be related to calcium channel defects (see Table S7 ).
Mutations in NOS3 are associated with late-onset Alzheimer's disease (OMIM 104300), and cardiovascular diseases. 54, 55 
ACK N OWLED G M ENTS
We are grateful to the patients and relatives for their participation in this study. We thank Dr. Yongyi Zou and Chuan Jiao for providing help for GOLGA5-related experiments and bioinformatics analy- 
CO N FLI C T O F I NTE R E S T
The authors declare no conflict of interest. 
O RCI D
